T he epidemiology of cleft lip and palate has been extensively studied in various populations. The incidence of isolated cleft palate (0.3 to 0.5 per 1000 live births) is similar in most populations. In contrast, the incidence of nonsyndromal cleft lip and palate varies greatly, from 0.3 to 0.4 per 1000 in blacks to 1.5 to 2 per 1000 in Asians. The incidence of cleft lip with or without cleft palate in Caucasians is approximately one per 1000 live births (1) (2) (3) (4) (5) (6) .
Oral-facial-digital syndrome type I (OFD-I) is inherited as an X-linked dominant trait and is lethal in males. Incidence among Caucasians is approximately one per 50,000 live births (7) . Its main clinical features include a partial median cleft or median pseudocleft of the upper lip, cleft palate, bifid/lobulated tongue, lingual hamartoma, dental abnormalities, and abnormalities of the digits of hands/feet including brachydactyly, clinodactyly, syndactyly and, more rarely, polydactyly (7, 8) . Other features include epicanthus, hypertelorism, brittle scalp hair/alopecia, milia of face/ears, hypoplasia of nasal ala, polycystic kidneys, intellectual disability and central nervous system malformations (9, 10) . The syndrome is caused by mutations in the CXORF5 gene (11, 12) .
In 1991, Salinas et al (13) reviewed the literature on the clinical features of OFD-I in blacks. There were a total of eight cases: six were reported by Salinas et al (13) and another two cases were previously reported by Harrod et al (14) and Pruzansky et al (15) . In these eight black females with OFD-I, 25% had isolated cleft palate and none had median cleft or pseudocleft of the upper lip. It is well known that, on average, 45% of Caucasians with OFD-I have a median cleft/pseudocleft of the upper lip (7) . These findings suggest that ancestral genetic factors may protect lip development in blacks with OFD-I (because the incidence of nonsyndromal cleft lip and palate in blacks is much lower than in Caucasians). This theory could not be tested further because, for unknown reasons, OFD-I is extremely rare in Asians (16) and there have been no case series investigating OFD-I from the Far East to date. The incidence of clefts in the central province of Saudi Arabia is unusually high (2.19 per 1000 live births) (4) . This may offer the opportunity to investigate the hypothesis proposed by Salinas et al (13) . If the hypothesis is correct, the frequency of cleft lip and palate in OFD-I syndrome patients from the central province of Saudi Arabia would be expected to be significantly higher than in Caucasians and blacks.
The current study investigated the clinical features of OFD-I syndrome in a group of 15 Saudi patients from the central province of Saudi Arabia, with particular emphasis on comparing the frequency of clefts among Saudi, black and Caucasian patients with OFD-I syndrome.
METHODS
The authors have been practicing in the central province of Saudi Arabia since 1994. All native Saudi patients from the central province who were seen at three large government hospitals over the past 18 years (1994 to 2011) with the diagnosis of OFD-I were retrospectively reviewed. Sex, family history, clinical features and radiological investigations were reviewed. Particular attention was devoted to the presence of clefting, which was divided into two main groups: cleft lip and palate; and isolated cleft palate. Cleft lip included both median cleft lip and median 'pseudocleft' lip. The median 'pseudocleft' lip is a common term used in the genetics literature and is used when the central tubercle of the upper lip is replaced by a mucosal cleft in the midline (Figure 1 ). In the plastic surgery literature, this is usually referred to as 'forme fruste' median cleft lip. The term 'median cleft lip' is used when the mucosal cleft extends to the skin of upper lip. Finally, the frequency of clefts in the present series was compared with the frequency of clefts in blacks (13) (14) (15) and Caucasians (7). Fisher's exact test was used to investigate differences among the groups; P<0.05 was considered to be statistically significant.
RESULTS
A total of 15 patients (from 15 different families) were seen, all of whom were female. The mean age at presentation was two years (range one month to seven years). Family history was negative in all cases, suggesting a new mutation. Hypoplasia of the nasal ala (10 of 15 patients) was more commonly observed than hypertelorism (eight of 15 patients) and epicanthus (two of 15 patients). Fourteen of 15 patients had cleft lip and palate (nine median mucosal clefts, four median cleft lips extending to the skin edge only and one case had a median mucosal cleft with concurrent cleft of the soft palate). The remaining patient had an isolated cleft of the soft palate. Bifid and/or lobulated tongue was observed in 14 patients and lingual hamartomas in nine. Only eight patients underwent computed tomography/magnetic resonance imaging of the brain and, of these, four had abnormalities in the form of midline cysts. Brachydactyly and/or clinodactyly was a consistent feature in the hands and/or feet. Syndactyly was observed in five cases in the hands and two cases in the feet. Only one case of rudimentary thumb polydactyly was observed. The detailed features for every patient are shown in Table 1 . The table does not include polycystic kidneys and intellectual disability because abdominal ultrasound was performed in only two patients (both were negative) and IQ testing was not performed in any of the patients. Similarly, the presence or absence of milia of the face was poorly documented in the charts.
A comparison of clefts in OFD-I among blacks, Caucasians and Saudi Arabians is shown in Table 2 . The percentage of Saudi Arabians with cleft lip with or without cleft palate (93.3%) was significantly higher than the percentage in Caucasians (56.3%) and blacks (0%). The percentage in blacks was also significantly lower than in Caucasians. However, there was no statistically significant difference when the percentages of isolated cleft palate were compared among the three groups. The P values are shown in Table 2 .
DISCUSSION
Most articles regarding OFD-I are isolated case reports (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) . Macca and Franco (26) recently reviewed the world literature on OFD-I and found that 32.6% of patients had median cleft lip/pseudocleft of the upper lip. Thauvin-Robinet et al (7) reviewed previously reported Caucasians cases and found that 45% of patients had cleft lip. One Brazilian series of 12 patients with OFD-I reported a higher rate of median cleft lip/pseudocleft of 50% (27) . We selected the Caucasian Family history -
Figure 1) An example of a median mucosal cleft (also known as a pseudocleft). Note that the cleft does not extend to skin. Also note the epicanthus, the hypoplastic alae, the bifid tongue and the lingual hamartoma
Hypoplasia of the nasal ala + - series (7) (all were French and Belgian females) with the highest reported rate of cleft lip (56.3%) to avoid selection bias. The rate of median cleft lip/pseudocleft in our series (93.3%) was significantly higher than the rate in the Caucasian series (56.3%) (7) and the only available series of OFD-I in blacks (13) (0%). The rate in blacks was also significantly lower than the rate in Caucasians (Table 2 ). This supports the hypothesis that the presence of the OFD-I gene only predisposes to median clefts of the upper lip and that racial genetic factors determine the phenotype. Many believe that the occurrence of cleft lip with or without cleft palate depends on the additive effects of several minor mutant genes (ie, polygenic inheritance in which ancestry is playing a major role) as well as multiple environmental factors. The accumulation of these factors presumably can be tolerated by the developing fetus to a point (termed the 'threshold') beyond which there is risk for the cleft lip malformation (28) . In other words, the variable 'threshold' for developing cleft lip in different ancestries determines the rate of cleft lip in the phenotype of OFD-I patients.
The upper lip develops from the neural ectoderm at the inferior aspect of the frontonasal process. The neural crest-derived mesenchyme condenses, forming the nasal pit, with the development of the medial and lateral nasal processes. The maxillary processes of the first branchial arch migrate toward the medial nasal processes (28) . The lateral parts of the upper lip develop from the maxillary processes that meets the lateral surface of the medial processes. The medial processes also merge with each other toward the midline, forming the philtrum. Median cleft lip results from an error in this merging process in the midline (28) . The cleft lip in all reported cases of OFD-I has been in the midline (Figure 2) .
The OFD-I protein is present in the basal body of a slim microtubulebased organelle in the cell known as the 'primary cilium' (29) . The primary cilium is involved in several cell functions/pathways. The cilium is the main area of the sonic hedgehog pathway in the neural tube and the limb buds, which explains the craniofacial and limb features of OFD-I patients. The OFD-I and other basal body proteins also enhance what is known as the 'WNT-planar cell polarity' pathway, which is responsible for proper tissue migration and intercalation of cells in the embryonic midline (29, 30) . This explains the bifid tongue and the median cleft lip. The basal body of the primary cilium contains many proteins and a mutation of a single gene (OFD-I) will only 'weaken' the migration of the medial nasal processes toward the midline. This degree of weakening may not be sufficient to reach the threshold of developing a cleft lip in the black population, but is usually sufficient in the Saudi population. 
